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Rapid Procedure for Detection and Isolation of Large and
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Procedures are described for the detection and isolation of plasmids of various
sizes (2.6 to 350 megadaltons) that are harbored in species of Agrobacterium,
Rhizobium, Escherichia, Salmonella, Erwinia, Pseudomonas, and Xantho-
monas. The method utilized the molecular characteristics of covalently closed
circular deoxyribonucleic acid (DNA) that is released from cells under conditions
that denature chromosomal DNA by using alkaline sodium dodecyl sulfate (pH
12.6) at elevated temperatures. Proteins and cell debris were removed by extrac-
tion with phenol-chloroform. Under these conditions chromosomal DNA concen-
trations were reduced or eliminated. The clarified extract was used directly for
electrophoretic analysis. These procedures also permitted the selective isolation
of plasmid DNA that can be used directly in nick translation, restriction endo-
nuclease analysis, transfornation, and DNA cloning experiments.

To determine whether a given bacterium har-
bors plasmids, it is necessary to isolate DNA by
plasmid isolation procedures. Chromosomal and
plasmid DNA are often obtained from cells that
are treated with lysozyme and lysed with a de-
tergent. The DNAs are freed of RNA and pro-
teins by RNase and protease treatments that are
followed by extraction with phenol. Just before
phenol extraction, the plasmid DNA is released
from the folded chromosomal complex by a
shearing step or by RNase treatment. The plas-
mid DNA can be resolved as covalently closed
circular molecules by isopycnic centrifugation in
cesium chloride containing ethidium bromide
(25).
To avoid such time-consuming steps, rapid

techniques were reported for resolving plasmid
and recombinant DNA in Escherichia coli (1, 3,
10, 14, 20, 21, 28), Salmonella spp. (31), Rhizo-
bium meliloti (6), Agrobacterium tumefaciens
(6), Pseudomonas spp. (6, 10, 24), Bacillus sub-
tilis (10), and Neisseria gonorrhoeae (10). Such
techniques still require partial purification steps
that we viewed as unessential and time consum-
ing. For example, selective precipitation of chro-
mosomal complexes by centrifugation (2) or by
adding salts or organic solvents (12) seems un-
necessary and complicated. Furthermore, very
large plasmids like those in Agrobacterium spe-
cies (6, 9) were irreproducibly recovered by these
precipitation steps (P. F. Lurquin and C. I. Kado,
unpublished data).
To circumvent these problems, it was neces-

sary to review the differences in plasmid DNA
structure relative to linear DNA, RNA, and
proteins that were the masking contaminants.

The result of this review allowed us to develop
an efficient reproducible method that utilized
the least time and was applicable to many dif-
ferent bacteria. In the present report we describe
a protocol for the detection of plasmid DNA
within 3 to 4 h from either a small broth culture
or a single colony of bacterial cells. We have also
developed a procedure to circumvent the use of
dye-buoyant density equilibrium cesium chlo-
ride centrifugation for the purification and iso-
lation of plasmids.
An outline of the protocol was distributed at

the annual meeting of The American Society of
Biological Cheniists, New Orleans, 1 to 5 June,
1980, and appeared in abstract forn (Fed. Proc.
39:2013, 1980).

MATERIALS AND METHODS
Bacterial strains and culture conditions.

Strains of A. tumefaciens were obtained as follows:
strain lDl (ATCC 15955) was from J. E. DeVay, strain
ACH-5 was from J. Schell, strain C-58 was from R.
Dickey, strains 1D135 and 1D1422 were isolated in our
laboratory, strain NT1 was from M.-D. Chilton, and
strain IIBNV6 was from J. Lippincott. Agrobacterium
radiobacter 22 was obtained from A. Kerr, strains
12D18 and 12D120 were from our laboratory. E. coli
1830(pJB4J1) was from J. Berringer and A. Johnston,
strain J53(pRK2) was sent by N. Panapoulos, and
strain P678-54 was obtained from A. J. Clark. Salmo-
nella typhimurium TA1534 was obtained from B.
Ames. Erwinia rubrifaciens 6D318 was isolated in
this laboratory, Erwinia carotovora 3D31 was ob-
tained from R. H. Segall, Erwinia stewartii SW2 was
sent by D. L. Coplin, and Erwinia amylovora 1D314
was isolated from Cotoneaster sp. in this laboratory.
Providencia stuartii 164 was sent by F. Bolivar. Ser-
ratia marcescens 5B was obtained from C. Mulder.
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Pseudomonas tomato 14D43 was provided by K. Kim-
ble, and Pseudomonas angulata BF was from R.
Fulton. Pseudomonas savastanoi 1D419 was isolated
in our laboratory from infected olive, and strain 1D450
was isolated from infected oleander. Pseudomonas
eriobotryae 4004 was provided by M. T. Lai, and
Pseudomonas glycinea 12D43 was sent by H. Hoitink.
Xanthomonas pruni 8D51 was isolated in this labo-
ratory, and Xanthomonas vitians 068790 was from C.
Wehlburg. All of the above cultures were grown in L-
broth (10 g of casein hydrolysate [Calbiochem, La
Jolla, Calif.], 10 g of NaCl, 5 g of yeast extract [Difco
Laboratories, Detroit, Mich.], 1 liter of distilled water)
or on L-agar plates at 30°C. Rhizobium trifolii 162P17,
Rhizobium legiminosarum 128C53, and Rhizobium
japonicum 311634 were received from D. Gross. They
were grown in YEM broth (10 g of mannitol, 0.5 g of
K2HPO4, 0.2 g of MgSO4 *7H20, 0.1 g of NaCl, 0.4 g of
yeast extract, 1 liter of distilled water).

Chemicals and reagents. Sodium dodecyl sulfate
(SDS) and Tris were purchased from Sigma Chemical
Co., St. Louis, Mo. Sodium lauryl sarcosinate was

obtained from CIBA-Geigy, Greensboro, N.C. Phenol
obtained from Mallinckrodt was distilled and stored
frozen until use. The frozen phenol was liquefied at
500C and mixed with chloroform (50:50, vol/vol). The
lysing solution contained 3% SDS and 50 mM Tris
(pH 12.6). The solution was adjusted to pH 12.6 by
adding 1.6 ml of 2 N NaOH by using a glass electrode
(model GK2322C Radiometer, London Company, Co-
penhagen), the volume was adjusted to 100 ml with
distilled water, and the solution was filtered through
a membrane filter (2-,um pore size; Millipore Corp.,
Bedford, Mass.). All solutions may be kept at room

temperature.
Gel electrophoresis. Agarose gel electrophoresis

was performed as described previously (19, 21). Either
0.7 or 1% Seakem ME agarose (Marine Colloids, FMC
Corp., Rockland, Maine) was used depending on

whether whole plasmids or fragments of plasmid DNA
were to be resolved. To avoid overheating and to
resolve high-molecular-weight plasmids (21), a low-
salt buffer system composed of 40 mM Tris-acetate
and 2 mM sodium EDTA was used. The Tris was

adjusted to pH 7.9 with glacial acetic acid (E buffer).
Agarose was melted briefly (3 to 5 min) in E buffer
either in an autoclave or in a microwave oven and
mixed well before pouring. All electrophoresis was

perforned on a horizontal apparatus as described by
McDonell et al. (19), except that the gel-holding base
was fitted with a water-cooling plate. Electrophoresis
was carried out at 12 V/cm and usually required about
2 h for the bromocresol purple tracking dye in the
sample to migrate 12 cm. The gel (5 mm thick) was

stained with 0.5 pg of ethidium bromide per ml for 30
min at 23°C. Photographs were taken of gels that were
positioned over a shortwave UV light source (Ultra-
violet Products, Inc., San Gabriel, Calif.). Polaroid
type 55 film exposed through a Tiffen 15 orange filter
was used.
Plasmid detection procedure. Cells were grown

in 3 ml of L-broth overnight at 30°C to an optical
density at 600 nm of 0.8 and pelleted by centrifugation
(5,700 rpm, 4°C, for 7 min in a Sorvall SS34 rotor).
The cell pellet was thoroughly suspended in 1 ml of E

buffer. The cells were lysed by adding 2 ml of lysing
solution (see above), which was mixed by brief agita-
tion. The solution was heated at 50 to 65°C for 20 min
in a water bath, and 2 volumes of phenol-chloroform
solution (1:1, vol/vol) were added. The solution was
emulsified by shaking briefly, and the emulsion was
broken by centrifugation (6,000 rpm, 15 min, 4°C in a
Sorvall SS34 rotor). Avoiding the precipitate at the
interface, the upper aqueous phase was transferred to
a screw cap tube by using a polyethylene Pasteur
pipette (Ulster Scientific, Inc., Highland, N.Y.). Sam-
ples could be withdrawn directly for electrophoresis
immediately. Usually 35 pl of sample was mixed on a
square of parafilm "M" (American Can Company,
Greenwich, Conn.) with 10 pl of 0.25% bromocresol
purple in 50% glycerol-0.05 M Tris-acetate (pH 7.9).
To minimize shearing of large plasmids it is important
that samples be withdrawn and transferred with
Drummond 50-ud micropipettes and an Adams no.
4555 suction apparatus (Becton, Dickinson & Co.,
Rutherford, N.J.).

Colony plasmid isolation. The procedures for
screening recombinant plasmids in E. coli were the
same as those described above, except that the cells
were first streaked in a 1-cm2 area on L-agar plates
and allowed to grow at 37°C overnight. After incuba-
tion, about one-fourth of the cells on the 1-cm2 area
were scraped off from the agar surface with a wooden
applicator, and the cells were suspended in 100 pl of
lysing solution in a 750-pl Eppendorf microcentrifuge
tube. Alternatively, a few large colonies could be
picked up directly from a plate and suspended directly
in 50 pl of the lysing solution. The lysate was subse-
quently incubated at 55°C for 15 to 60 min, followed
by extraction with an equal volume of phenol-chloro-
form solution. After centrifugation in an Eppendorf
model 5412 microcentrifuge for 5 min, 20 p1 of aqueous
phase was mixed with 5 p1 of0.25% bromocresol purple
in 50% glycerol-0.05 M Tris-acetate (pH 7.9) on a
square of parafilm and then loaded in a 25-pl sample
slot in an agarose gel for electrophoresis. The heat
step could be omitted when E. coli containing recom-
binant plasmids were to be screened. However, the
lysate was still subjected to phenol-chloroform extrac-
tion and loaded on a gel for electrophoresis.
Rapid isolation of plasmid for restriction en-

zyme digestion, transformation, and nick trans-
lation. Cells were grown either on L-agar plates as
mentioned above or in L-broth. For broth cultures,
cells from 0.2 to 1 ml of the culture were pelleted by
centrifugation in an Eppendorf microcentrifuge model
5412 with 1.5-ml Eppendorf microcentrifuge tubes.
The pelleted cells were lysed with the lysing solution,
incubated either at 55°C for 1 h for E. coli or at 65°C
for 1 h for A. tumefaciens and extracted with phenol-
chloroform as described above. The aqueous DNA
solution was then freed of phenol by repeated extrac-
tions (usually two to four times) with diethyl ether
and then transferred to a new centrifuge tube, at which
time 100 pl of 3 M sodium acetate was added. The
plasmid DNA was precipitated by adding 800 p1 of
cold (-20°C) 95% ethanol and incubating the mixture
in a dry ice-ethanol bath for 5 min. The precipitated
plasmid DNA was pelleted by centrifugation at 2°C
for 15 min, dried under nitrogen, and suspended in 50
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to 100 Pi of autoclaved water. Usually, 20 pl of the
solution was sufficient for restriction enzyme digestion,
transformation, or nick translation. The entire proce-
dure took less than 2 h.

RESULTS
Rapid lysis. Unlike E. coli, bacteria of the

Rhizobiaceae and other Enterobacteriaceae
such as Erwinia spp. and members of the Pseu-
domonadaceae are difficult to lyse adequately
to insure reproducible recovery of intact plas-
mids. Lysis methods employing lysozyme in an
isotonic buffer were unsuitable because good
lysis seemed to depend on the stage of cell
growth and on the temperature and length of
incubation. Limitations were also experienced as
variations in lysozyme activity depended on the
commercial source of the enzyme. The enzyme
had to be freshly prepared, and the incubation
was time consuming. Surveys made of various
described techniques generally showed reliance
on lysozyme and, in some cases, proteinase and
RNase followed by lysis with detergents such as
Triton X-100 or SDS or by use of phenol. Heat
shock or alkali treatment of the lysozyme- or
detergent-treated cells seemed to aid in plasmid
recovery (1, 3, 6, 13). We have investigated sev-
eral of these parameters and have arrived at the
following conclusions. Cells do not require wash-
ing after harvesting. They should be thoroughly
suspended in a buffer of low ionic strength. The
E buffer described above that was used for elec-
trophoresis was used to suspend the cells. Gen-
erally, pelleted cells from a 3-ml broth culture
were suspended in 1 ml of E buffer, and cells
from a single colony scraped from an agar plate
were suspended in 50 pd of the same buffer. Lysis
was accomplished by the addition of two vol-
umes of 3% SDS (in 50 mM Tris-hydroxide, pH
12.6). Usually members of the Enterobacteria-
ceae gave lysates that quickly cleared, whereas
those of the Rhizobiaceae and Pseudomona-
daceae remained slightly turbid. Sodium lauryl
sarcosinate (3%) can be substituted for SDS
when plasmid DNA is prepared for large-scale
isolation by standard isopycnic centrifugation
with cesium chloride-ethidium bromide density
gradient procedures (25).

Clarification by heat treatment. Immedi-
ately after the addition of the alkaline SDS
solution, the mixture was incubated at 50 to
650C and then extracted with unbuffered
phenol-chloroforn (see below). The tempera-
ture treatment was essential for eliminating the
"feathery" effect of chromosomal DNA com-
monly observed in agarose gels after electropho-
resis and may be extended to eliminate chro-
mosomal DNA altogether (Fig. 1). The temper-

ature treatment also quickly eliminated RNA,
which migrated faster than DNA and was usu-
ally positioned in the gel nearest the anode
(compare lanes 1 and 2 in Fig. 1). RNA in a
plasmid preparation of X. vitians was com-
pletely eliminated by heating for 5 min at 650C.
Linear DNA mainly composed of chromosomal
DNA was minimized by the temperature treat-
ment and became imperceptible after 72 min of
incubation at 650C. By contrast, plasmid DNA
was concentrated for maximum visualization.
Such a plasmid band could be dissected from
the gel and eluted by one of several techniques
(4, 29). For E. coli, the 550C treatment was
important. Usually 15 min of the heat treatment
eliminated most ofthe chromosomalDNA band;
however, 60 min of incubation was required to
completely obliterate the chromosomal contam-
ination (Fig. 2). For Agrobacterium spp. the
550C heat treatment was not fully effective for
complete chromosome elimination, but heating
the DNA solution for 5 min at 950C and then

0 5 12 24 48 72 min

plas

chr L

RNA {

FIG. 1. Kinetics of chromosomal DNA (chr) elimi-
nation at 65°C without loss of43-Mdalplasmid (plas)
in X. vitians. Temperature treatment as a function of
time (minutes) followed lysis of cells in 1% SDS in 50
mM Tris-hydroxide (pH 12.6), after which the lysate
was extracted with phenol-chloroform. DNA mole-
cules were resolved by electrophoresis in 0.7%o agarose
(Seakem) prepared in E buffer.
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chr

pTL2017

FIG. 2. Elimination of chromosomal and linear
DNAs from cell lysates of E. coli P678-54 harboring
pBR325-pTi1422 recombinant plasmid molecules.
Electrophoresis wasperformed in 0.7% agarose gel in
E buffer at 12 V/cm with water cooling. (a) Unheated
preparation showing chromosomal DNA (chr) and
recombinant DNA pTL2l)17. (b) Preparations heated
for 60 min at 556C showing only recombinant DNA.

cooling it immediately in crushed ice minimized
the chromosomal DNA. The procedure at 950C
may be employed when the presence of plasmids
that migrate in the same position as chromo-
somal DNA is suspected. However, in routine
screenings the 550C temperature is adequate.
Phenol-chloroform extraction. After the

heat treatment, the lysate was extracted very
briefly with unbuffered phenol-chloroform and
centrifuged to obtain a clear aqueous phase
which contained plasmid DNA. The phenol-
chloroform mixture was designed to minimize
the formation of brown oxidation pigments that
usually occur with phenol solutions alone and at
the same time be capable of lowering the pH of
the lysate to 9.3. It also conveniently separated
into hydrophobic and aqueous phases quickly
and facilitated denaturation and the extraction
of proteins.
Screening of plasmids. A. tumefaciens

strains harboring large plasmids of 120 (Ti plas-
mid) and 260 (cryptic plasmid) megadaltons
(Mdal) were screened (Fig. 3). The Ti plasmid
of 28 to 29 Mdal in strain 1D1422 is unique
among oncogenic A. tumefaciens strains (Kado
et al., manuscript in preparation). A 3- to 4-
kilobase deletion in this plasmid is sufficient to
cause complete loss of virulence. A larger plas-
mid of 58 Mdal was observed in avirulent strain
IIBNV6 and was similar to that reported previ-
ously (16). Furthernore, this strain and strains
ACH-5, B6, 1D135, and C58 all harbored 260-
Mdal cryptic plasmids. The large 260-Mdal cryp-
tic plasmid was not detected in strains lDl and
1D1422. The absence of this cryptic plasmid in
lDl (ATCC 15955) was also noted by others (S.
K. Farrand, personal communication). A. ra-
diobacter strains also harbor large cryptic plas-
mids (Fig. 3). Large cryptic plaids of approx-
imately 350 Mdal were also resolved in R. leg-
uminosarum, R. japonicum, and R. trifolii (Fig.
4).

Analysis made on various members of the
Enterobacteriaceae indicated that plasmids of
this group were easily resolved by the rapid
procedure. Plasmids of various sizes harbored in
E. coli, S. typhimurium TA1534, E. stewartii
SW2, and E. amylovora 1D314 are shown in Fig.
5. E. coli 1530, harboring the conjugally profi-
cient plasmid pJB4J1, also harbored a larger
cryptic plasmid of 102.5 Mdal. A 57.5-Mdal cryp-
tic plaid was observed in S. typhimurium
TA1534 and was very similar to that observed
in strain LT2 (18). E. stewartii SW2 harbored
12 cryptic plasmids of widely different sizes (Fig.
5). These plasmids are naturally maintained in
E. stewartii and serve as useful molecular weight
standards for covalently closed molecules (D. L.
Coplin, personal communication). E. amylovora
1D314 harbored two cryptic plaids with mo-
lecular masses of 20 and 47.5 Mdal.
Plsnids harbored in Pseudomonas species

were equally well resolved by these procedures
(Fig. 6). Cryptic plasmids in various randomly
selected plant pathogenic Pseudomonas species
were uncovered. Table 1 summarizes various
plasmids that were resolved in different bacteria,
including some species in which plasmids re-
mained undetected.
Application to resolving recombinant

plasmid DNA. The Ti plasmid of A. tumefa-
ciens C-58 was digested with restriction endo-
nuclease Sall and ligated with plasmid pBR325,
a cloning vector described by Bolivar (5). Figure
7 displays an array of recombinant DNA mole-
cules of the Ti p id that were readily re-
solved by screening individual E. coli transform-
ants. In this case, the heat treatment step was
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c d e f g h k

FIG. 3. Resolution of high-molecular-weight plasmids of Agrobacterium strains. (a) A. radiobacter 22
containing a 120-Mdal cryptic plasmid. (b) A. radiobacter 12D18 and 12D120 (c) harboring 250-Mdal cryptic
plasmids. (d) A. tumefaciens ACH-5 harboring the 120-Mdal Ti plasmid and a 300-Mdal cryptic plasmid,
strain IDI (e) harboring the 120 mdal Tiplasmid, strain B6 (f) with the 120-Mdal Tiplasmid and a 300-Mdal
cryptic plasmid, strain IIBNV6 (g) with 58- and 300-Mdal cryptic plasmids, avirulent strain NT1 (h) with a
260-Mdal cryptic plasmid, strain ID1244 (i) harboring a mini-Ti plasmid of 28.7 Mdal but lacking the 260-
Mdal cryptic plasmid, and strains 1D135 (j) and C58 (k) harboring a 130-Mdal Ti plasmid and the 260-Mdal
cryptic plasmid. Electrophoresis was in 0.7% agarose in E buffer. Numbers indicate megadaltons; chr,
chromosomal and linear DNA.

omitted since plasmids in cloning experiments
are small enough to migrate beyond the chro-
mosomal DNA. Even without the heat treat-
ment the chromosomal DNA was much reduced
in intensity. Some lanes in the agarose electro-
phoretogram showed more than one band due
to the presence of multimeric plasmid species
that occur with pBR325, a feature not unusual
for this and related plasmid vectors (17).
Stable maintenance of plasmid DNA.

Plasmid preparations from various sources were
stored at 40C for 6 weeks. Samples (30 pl) were
taken at weekly intervals and resolved by aga-

FIG. 4. High-molecular-weight plasmids of Rhi-
zobium species. (a) R. trifolii 162P17 harboring two
large cryptic plasmids, (b) R. leguminosarum 128C53
harboring two large cryptic plasmids, and (c) R.
japonicum 3I1634 harboring a 110-Mdal crypticplas-
mid. Cells of strains 162P17 and 128C53 were lysed
and heat treated for 15 min at 55°C. Strain 3I1634
was heat treated for 5 min at 55°C. Chr, Chromo-
somal and linear DNA. The plasmids were resolved
in 0.7% agarose gel in E buffer. Numbers indicate
megadaltons.
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FIG. 5. Gel electrophoretogram of some Entero-
bacteriaceae. (a) E. coli harboringpRK2 with a dele-
tion in the region conferring tetracycline resistance.
(b) E. coli containing pJB4JI and a larger cryptic
plasmid of 102.5 Mdal. (c) S. typhimurium TA1534
harboring a 57.5-Mdal crypticplasmid. (d) E. stewar-
tiiSW2 harooring 12 crypticplasmids ofdiverse sizes
(see Table 1). (e) E. amylovora 1D314 harboring two
cryptic plasmids of20 and 47.5 Mdal. Numbers indi-
cate megadaltons; chr, chromosomal and linear
DNA. Electrophoresis was in 0.7% agarose in E
buffer.

rose gel electrophoresis. The 120-Mdal Ti plas-
mid of A. tumefaciens as well as the mini-Ti
plasmid of 28.7 Mdal were stably maintained, as
were the multi-cryptic plasmids harbored in E.
stewartii SW2 (Table 2).
Plasmid isolation for cloning, nick trans-

lation, and restriction analysis. Plasmids iso-
lated by this procedure were suitable for direct
use in transformation experiments, for restric-
tion analysis, and for cloning and could be la-
beled by nick translation. Illustrated in Fig. 8 is
a typical agarose gel electrophoretogram of E.
coli plasmid pTL2015, an example of a cloned
restriction fragment of pTi1422 of 16.7 kilobase
pairs, that was purified by the rapid procedure
and was digested with restriction endonuclease
SalI. Note that there was no detectable smear-
ing as would be expected if traces of chromo-
somal DNA were contaminating the prepara-
tion. These restriction fragments readily ligated

to the cloning vector pBR325 as expected. Fur-
thermore, recombinant plasmids yielded trans-
formants with a frequency equal to that yielded
by using plasmid from dye-cesium chloride den-
sity gradient procedure; that is, a frequency of

-175 10- was obtained. Therefore, the rapid purifi-
-70 cation method expedited plasmid DNA cloning
-53 experiments. The plasmid prepared by this
-34 method was also used for nick translation with
-19 good results (data not shown). With large Agro-
I-069 bacteriun spp. Ti plasmids, the precipitation of
-169 piasmid DNA was unnecessary. The aqeuous

phase after phenol-chloroform extraction was
- 8.8 simply dialyzed against 10 mM Tris-hydrochlo-

ride (pHi 7.4) to remove traces of phenol and
chloroform and then used directly for transfor-
mation. A transformation frequency of 10-7,
equal to that obtained by using plasmid DNA
from standard dye-cesium chloride centrifuga-
tion procedure was reproducibly obtained (J. C.
Kao et al., unpublished results).

DISCUSSION
-2.7 Various cryptic plasmids and recombinant

DNA molecules were equally resolved by the
protocol described herein. Plasmids ranging
from 2.6 to 350 Mdal were easilv detectAd Rae

h f

105-
55-

ch r

-[20
-63
-40 335

-194

-4.4
-3-5

FIG. 6. Resolution of diverse cryptic plasmids of
Pseudomonas species. (a) P. tomato 14D43, (b) P.
angulata BV, (c) P. savastanoi olive strain, (d) P.
savastanoi 1D450 from oleander galls, (e) P. eriobo-
tryae 4004, and (f) P. glycinea 12D43. Gel electropho-
resis was in 0.7% agarose in E buffer. Numbers indi-
cate megadaltons; chr, chromosomal and linear
DNA.
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TABLE 1. Plasmids of various bacteria resolved by
the mini-screen procedure

Plasmids Molecular m of
Bacternum detected plamida (Mdal)

A. tumefaciens ACH-5, B6 Yes 120,300
A. tumefaciens C58, 1D135. Yes 130,260
A. tumefaciens iDi .. Yes 120
A. tumefaciens lD1422. Yes 28.7
A. radiobacter 12D18,

12D120.Yes 250
R. leguminosarum 128C53 Yes 160, 360
R. trifoiji 162P17. Yes 166, 350
R. japonicum 3R1634 ... Yes 110
E. amylovora 1D314 .. Yes 20,47.5
E. stewartii SW2. Yes 2.8, 8.8,16.9,

23.2, 29.5, 33.0,
34.5, 43.3,49.2,
61.6, 69.8, 178w

E. carotovora 3D31. No
E. rubrifaciens 6D318 ... No
E. coli J63(RK2A). Yes 29.0
E. coli 1630(pJB4Jl) .. Yes 19.0,62,102.5
S. typhimurium TA1634 .... Yes 57.5
S. marcescens B. No
P. sturtii 164.. No
P. tomato 14D43 Yes 65,106
P. angulata BF.Yes 41.5
P. savastanoi 1D419 (olive) Yes 60
P. savastanoi lD450

(oleander) .Yes 20.5,28.6,34.6,60
P. eriobotyrae 4004 .. Yes 67,120
P. glycinea 12D43. Yes 3.5, 4.4, 33.5, 40,

63
X. pruni 8D51.Yes 26
X. vitians 068790. Yes 43

a Cryptic plasmid molecular maFses of this strain were
obtained by electron microscopy and gel electrophores by D.
L. Coplin.

terial cells that were tested were lysed quickly
by SDS at pH 12.6, and the lysate was cleared
by heat treatment. With the exception ofE. coli,
SDS at high pH conditions alone lysed the cells
ineffectively. Hansen and Olson (13) described
a plnid isolation procedure which included an
alkaline denaturation step. They noted low
yields of plasmids of the P1 incompatibility
group and postulated that the diminished yields
may have resulted from either a possible cova-
lently integrated RNA sequence, an alkali-sen-
sitive modified base of DNA, or an alkali-sensi-
tive relaxation complex of Inc-P1 plasmids. At
least two Inc-P1 plasmids (RK2 and pJB4J1)
that we tested showed no loss of yield as judged
by band intensities in agarose gel electrophoret-
ograms using the same amounts of cells as com-
parative standards (Fig. 5). We noted, however,
that reduced band intensities occurred when
disposable pipette tips with small orifices were
used. We assume that there was a great deal of
mechanical shearing ofthe plasmids during sam-
ple transfer to agarose gels. When this is avoided
as outlined in the methods section, our proce-
dure seems applicable to Inc-P1 plasmnids; at

least it permits the easy detection of these plas-
mids. Under the given alkaline conditions, plas-
mid DNA bands remained unaffected when
heated between 50 and 950C for 20 to 30 min. In
contrast, chromosomal DNA diminished with
time at these elevated temperatures, because of
the highly denaturing conditions above pH 11
(7, 26, 32). DNA primary structure remains rel-
atively stable under such aLkaline conditions,
and deprotonation of guanine residues is expe-
rienced with guanine- and cytosine-rich DNAs
(e.g., Micrococcus lysodeikticus DNA) (26, 32).
The heat treatment permitted complete dena-
turation and abolishment ofthe secondary struc-
ture of linear DNA, which then was unable to
renature under the conditions prescribed.

Alternative alkaline treatment methods have
required a neutralization step by the careful
addition of buffer at low pH (6, 9, 13). We have
had difficulty in obtaining reproducible results
owing to irregularities in the neutralization step.
We found no real need for a neutralization step,
and, in fact, the extraction of the alkaline lysate
with unbuffered phenol-chloroform simply low-
ered the pH to 9.3. This condition maintains
plasmid DNA at a most desirable pH (7, 26),
whereby plasmid DNA can be stored for several
weeks at 4°C without appreciable deterioration
(Table 2). We have found that the phenol-chlo-
roform step is necessary, but cannot be used
directly for lysis. This step must follow the al-
kaline SDS lysis step. It is well established that
phenol readily extracts proteins and nucleases
(27) and therefore serves to extract proteins from
the SDS-lysed cells. It also probably helps to
remove denatured DNA, since this step is essen-
tial for the isolation of plasmid DNA free of
chromosomal DNA, particularly with E. coli
containing recombinant plasmids. It has been
shown (9) that denatured DNA is preferentially
entrapped in the precipitate at the interface
after extraction with phenol.
The procedure described above is applicable

to various bacteria. Undescribed cryptic plas-

TABLE 2. Stability of various plasmids stored atpH
9.3 at 40C

Stability of plasmid
Storage time E. stewar-

(wk) pTiC58 pTi1422 tii SW2
(cryptic)

0 + + +
1 + + +
2 + + +
3 + + +
4 + + ±
5 + + _
6 ± ± -
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FIG. 7. Cloned plasmid pTiC58 fragments generated by restriction endonuclease Sail. Lanes a to f and h
to m represent recombinant plasmid molecules each of which were resolved from a single colony of E. coli
P678-54. Lane g shows the pBR322 vector of2.6 Mdal. Multimeric forms of each recombinant molecule were
obtained in each lane. Electrophoresis was in 1% agarose gel. Numbers indicate megadaltons; chr, chromo-
somal and linear DNA.

FIG. 8. PlasmidpTL2015 subjected to agarose gel
electrophoresis before and after digestion with re-

striction endonuclease SalI. (a) Covalently closed
circular molecules as dimers and monomers of
pTL2015. (b) Linear cloned fragment ofpTi1422 and
cloning vectorpBR325 after cleavage with SalI. Chr,
chromosomal and linear DNA.

mids were uncovered in A. tumefaciens 1D1422,
ACH-5, B6, and IIBNV6; S. typhimurium
TA1534; E. amylovora 1D314; P. tomato 14D43;
P. angulata BV; P. eriobotyrae 4004; R. trifolii
162P17; R. leguminosarium 128C53; R. japoni-
cum 3I1634; X. pruni 8D51; and X. vitians

068790. We have confirmed the presence of cryp-
tic plasmids in A. tumefaciens IIBNV6 (16), S.
typhimurium LT2 (data not shown) (17), strain
Ea46 of E. amylovora (23), P. glycinea (8), P.
phaseolicola (11, 21), P. savastanoi (L. Comai,
personal communications), X. manihotis (data
not shown) (15), and Rhizobium spp. (6, 22, 30).
Furthermore, plasmids in yeast cells were re-
solved by this procedure (A. Howarth, personal
communication). This should facilitate rapid
screening of genetically modified yeasts.

Our protocol requires about 3 to 4 h to obtain
the results, that is, less than 60 min to obtain
the sample for agarose gel electrophoresis and
120 to 180 min for the electrophoresis step. Thus,
we routinely screen individual colonies or small
broth cultures by this method.

Application of this protocol for the prepara-
tive isolation of plasmid DNA in E. coli was
shown to be effective. For E. coli the phenol and
chloroform were removed by ether extraction,
and the plasmid DNA was concentrated by
ethanol precipitation and rapid drying under
nitrogen. Such DNA preparations are suitable
for restriction analysis and are of sufficient ho-
mogeneity for use as probes and in cloning ex-
periments. Also, large Ti plasmid DNAs, which
have been tedious to prepare, can now be iso-
lated in less than 1 h and used directly for
transformation experiments. These procedures
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may also be applicable for isolating cryptic plas-
mids from various bacteria heretofore untested.
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